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METHOD OF FABRICATING A 
SEMICONDUCTOR MEMORY DEVICE 

HAVING A CAPACITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates in general to semiconductor 

memory devices, and more particularly to a method of 
fabricating a structure of a dynamic random access memory 
(DRAM) cell having a transfer transistor and a tree-type 
charge storage capacitor. 

2. Description of Related Art 
FIG. 1 is a circuit diagram of a memory cell for a DRAM 

device. As shoWn in the draWing, a DRAM cell is substan 
tially composed of a transfer transistor T and a charge 
storage capacitor C. A source of the transfer transistor T is 
connected to a corresponding bit line BL, and a drain thereof 
is connected to a storage electrode 6 of the charge storage 
capacitor C. A gate of the transfer transistor T is connected 
to a corresponding Word line WL. An opposing electrode 8 
of the capacitor is connected to a constant poWer source. A 
dielectric ?lm 7 is provided betWeen the storage electrode 6 
and the opposing electrode 8. 

In the DRAM manufacturing process, a substantially 
tWo-dimensional capacitor called a planar type capacitor is 
mainly used for a conventional DRAM having a storage 
capacity less than 1 Mb (megabytes). In the case of a DRAM 
having a memory cell using a planar type capacitor, electric 
charges are stored on the main surface of a semiconductor 
substrate, so that the main surface is required to have a large 
area. This type of a memory cell is therefore not suited to a 
DRAM having a high degree of integration. For a high 
integration DRAM such as a DRAM With more than 4 Mb 
of memory, a three-dimensional capacitor, called a stacked 
type or a trench-type capacitor, has been introduced. 

With the stacked-type or trench-type capacitor, it has been 
made possible to obtain a larger memory in a similar 
volume. HoWever, to realiZe a semiconductor device of an 
even higher degree of integration, such as a very-large-scale 
integration (VLSI) circuit having a capacity of 64 Mb, a 
capacitor of such a simple three-dimensional structure as the 
conventional stacked-type or trench-type, turns out to be 
insuf?cient. 

One solution for improving the capacitance of a capacitor 
is to use the so-called ?n-type stacked capacitor, Which is 
proposed by Ema et al., in “3-Dimensional Stacked Capaci 
tor Cell for 16 M and 64 M DRAMs”, International Elec 
tronic Devices Meeting, pp. 592—595, December 1988. The 
?n-type stacked capacitor includes electrodes and dielectric 
?lms Which eXtend horiZontally in a ?n shape in a plurality 
of stacked layers to increase the surface areas of the elec 
trodes. DRAMs having the ?n-type stacked capacitor are 
also disclosed in US. Pat. Nos. 5,071,783; 5,126,810; and 
5,206,787. 

Another solution for improving the capacitance of a 
capacitor is to use the so-called cylindrical-type stacked 
capacitor, Which is proposed by Wakamiya et al., in “Novel 
Stacked Capacitor Cell for 64-Mb DRAM,” 1989 Sympo 
sium on VLSI Technology Digest of Technical Papers, pp. 
69—70. The cylindrical-type stacked capacitor includes elec 
trodes and dielectric ?lms Which eXtend vertically in a 
cylindrical shape to increase the surface areas of the elec 
trodes. ADRAM having the cylindrical-type stacked capaci 
tor is also disclosed in US. Pat. No. 5,077,688. 

With the trend toWard increased integration density, the 
siZe of the DRAM cell in a plane (the area it occupies in a 
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2 
plane) must be further reduced. Generally, a reduction in the 
siZe of the cell leads to a reduction in charge storage capacity 
(capacitance). Additionally, as the capacitance is reduced, 
the likelihood of soft errors arising from the incidence of 
alpha-rays is increased. Therefore, there is still a need in this 
art to design a neW structure of a storage capacitor Which can 
achieve the same capacitance, While occupying a smaller 
area in a plane, and a suitable method of fabricating the 
structure. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a 
method for fabricating a semiconductor memory device With 
a tree-type capacitor structure that provides an increased 
area for charge storage. 

In accordance With one preferred embodiment of the 
invention, a method for fabricating a semiconductor 
memory device having a capacitor is provided. The semi 
conductor memory device includes a substrate, a transfer 
transistor formed on the substrate, and a charge storage 
capacitor electrically coupled to one of the source/drain 
regions of the transfer transistor. The method of fabrication 
includes forming a ?rst insulating layer over the substrate, 
covering the transfer transistor, and forming a ?rst conduc 
tive layer, Which penetrates at least through the ?rst insu 
lating layer, and is electrically coupled to one of the source/ 
drain regions of the transfer transistor. A second insulating 
layer is then formed, and a stack layer is formed above the 
second insulating layer. Athird insulating layer is formed on 
the sideWalls of the stack layer, and a fourth insulating layer 
is formed on the surfaces of the second and third insulating 
layers. The third and fourth insulating layers and the insu 
lating layer beloW the third insulating layer are removed 
until the surface of the ?rst conductive layer is exposed, thus 
forming an opening. Asecond conductive layer is formed on 
the surfaces of the stack layer and the second insulating layer 
and ?lling up the opening. The portion of the second 
conductive layer above the stack layer is removed, folloWed 
by removal of the stack layers and the portion of the second 
insulating layer beloW the stack layers, until the surface of 
the ?rst conductive layer is eXposed. The ?rst and second 
conductive layers are de?ned such that one end of the second 
conductive layer is connected to the top surface of the ?rst 
conductive layer, the ?rst conductive layer forms a trunk 
like conductive layer, the second conductive layer forms a 
branch-like conductive layer, and the ?rst and second con 
ductive layers in combination form a storage electrode of the 
charge storage capacitor. The second insulating layer is 
removed. A dielectric layer is formed on the eXposed sur 
faces of the ?rst and second conductive layers. A third 
conductive layer is formed over the surface of the dielectric 
layer, resulting in the formation of an opposing electrode of 
the charge storage capacitor. 

According to one aspect of the invention, the trunk-like 
conductive layer is electrically coupled to one of the source/ 
drain regions of the transfer transistor and can have a 
T-shaped or a U-shaped cross section. The branch-like 
conductive layer generally has a holloW cylindrical shape 
With an L-shaped cross section. 

According to another aspect of the invention, an etching 
protection layer is formed above the ?rst insulating layer, 
and a ?fth insulating layer is formed over the etching 
protection layer, prior to forming the ?rst conductive layer, 
Which penetrates through the ?fth insulating layer and the 
etching protection layer. The ?fth insulating layer is 
removed With the second insulating layer. 
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According to a further aspect of the invention, multiple 
insulating layers, stack layers, and conductive layers are 
formed, to de?ne additional branch-like conductive layers. 
Thus, the ?rst conductive layer forms a trunk-like conduc 
tive layer, While the other conductive layers form at least tWo 
layers of branch-like conductive layers, With each branch 
like conductive layer oriented substantially parallel to each 
other and each having one end connected to the top surface 
of the ?rst conductive layer. All residual insulating layers 
beyond the ?rst insulating layer are removed and a dielectric 
layer is formed over the exposed surfaces of the trunk-like 
conductive layer and the branch-like conductive layers. 

According to an additional aspect of the invention, the 
portion of the second conductive layer above the stack layer 
is removed by chemical-mechanical polishing, or by etch 
ing. 

In accordance With a second preferred embodiment of the 
invention, a method for fabricating a semiconductor 
memory device having a capacitor is provided. The semi 
conductor memory device includes a substrate, a transfer 
transistor formed on the substrate, and a charge storage 
capacitor electrically coupled to one of the source/drain 
regions of the transfer transistor. A ?rst insulating layer is 
formed over the substrate, covering the transfer transistor. A 
?rst conductive layer is formed Which penetrates at least 
through the ?rst insulating layer, and is electrically coupled 
to one of the source/drain regions of the transfer transistor. 
Asecond insulating layer and a stack layer are formed above 
the second insulating layer. Athird insulating layer is formed 
on the sideWalls of the stack layer and a fourth insulating 
layer is formed on the surfaces of the second and third 
insulating layers. The third and fourth insulating layer and 
the insulating layer beloW the third insulating layer are 
removed, such that the surface of the ?rst conductive layer 
is exposed, thus forming an opening. A second conductive 
layer is formed on the surface of the stack layer and the 
second insulating layer and ?lling the opening. The second 
conductive layer is de?ned by removing the portion above 
the stack layer. The stack layer is removed, and a ?fth 
insulating layer is formed on the surfaces of the second 
conductive layer and the second insulating layer. The ?fth 
insulating layer is etched until the surface of the ?rst 
conductive layer is exposed, forming a second opening. A 
third conductive layer is formed on the surface of the ?fth 
insulating layer and in the second opening. The third, 
second, and ?rst conductive layers are de?ned such that 
respective ends of the third and second conductive layers are 
connected to the top surface of the ?rst conductive layer. The 
?rst conductive layer forms a trunk-like conductive layer, 
the second conductive layer forms a ?rst branch-like con 
ductive layer, and the third conductive layer forms a second 
branch-like conductive layer. The ?rst, second, and third 
conductive layers together form a storage electrode of the 
charge storage capacitor. The ?fth and second insulating 
layers are removed. A dielectric layer is formed over the 
exposed surfaces of the ?rst, second, and third conductive 
layers. A fourth conductive layer is formed over the surface 
of the dielectric layer, resulting in the formation of an 
opposing electrode of the charge storage capacitor. 

According to yet another aspect of the invention, multiple 
insulating layers, stack layers, and conductive layers are 
formed, to de?ne additional branch-like conductive layers. 
Thus, the ?rst conductive layer forms a trunk-like conduc 
tive layer, While the other conductive layers form at least tWo 
branch-like conductive layers, With each branch-like con 
ductive layer being oriented substantially parallel to each 
other and each having one end connected to the top surfaces 
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4 
of the ?rst conductive layer. All residual insulating layer 
beyond the ?rst insulating layer are removed and a dielectric 
layer is formed on the exposed surfaces of the trunk-like 
conductive layer and the branch-like conductive layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the invention 
Will become apparent from the folloWing detailed descrip 
tion of the preferred but non-limiting embodiments. The 
description is made With reference to the accompanying 
draWings, in Which: 

FIG. 1 is a circuit diagram of a memory cell of a DRAM 

device; 
FIGS. 2A through 2H are cross-sectional vieWs illustrat 

ing a ?rst embodiment of a semiconductor memory device 
according to the invention, and a method for fabricating the 
same according to the invention; 

FIGS. 3A through 3E are cross-sectional vieWs illustrat 
ing a second embodiment of a semiconductor memory 
device according to the invention, and a method for fabri 
cating the same according to the invention; 

FIG. 4 is a cross-sectional vieW illustrating a third 
embodiment of a semiconductor memory device according 
to the invention, and a method for fabricating the same 
according to the invention; 

FIGS. 5A through 5D are cross-sectional vieWs illustrat 
ing a fourth embodiment of a semiconductor memory device 
according to the invention, and a method for fabricating the 
same according to the invention; 

FIGS. 6A and 6B are cross-sectional vieWs illustrating a 
?fth embodiment of a semiconductor memory device 
according to the invention, and a method for fabricating the 
same according to the invention; 

FIG. 7 is a cross-sectional vieW illustrating a sixth 
embodiment of a semiconductor memory device according 
to the invention, and a method for fabricating the same 
according to the invention; and 

FIGS. 8A through 8E are cross-sectional vieWs illustrat 
ing a seventh embodiment of a semiconductor memory 
device according to the invention, and a method for fabri 
cating the same according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Preferred Embodiment 
A description Will be given of a ?rst embodiment of a 

semiconductor memory device having a tree-type charge 
storage capacitor according to the invention, by referring to 
FIGS. 2A through 2H. 

Referring to FIG. 2A, a surface of a silicon substrate 10 
is subjected to thermal oxidation by the LOCOS (local 
oxidation of silicon) technique, and thereby a ?eld oxidation 
layer 12 having a thickness of approximately 3000 A 
(Angstroms), for example, is formed. Next, a gate oxide 
layer 14 having a thickness of approximately 150 A, for 
example, is formed by subjecting the silicon substrate 10 to 
the thermal oxidation process. Then a polysilicon layer 
having a thickness of approximately 2000 A, for example, is 
deposited on the entire surface of the silicon substrate 10 by 
CVD (chemical vapor deposition) or LPCVD (loW pressure 
CVD). In order to obtain a polysilicon layer of loW 
resistance, suitable impurities such as phosphorus ions, for 
example, are implanted into the polysilicon layer. 
Preferably, a refractory metal layer is deposited over the 
polysilicon layer, and then an annealing process is carried 
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out to form polycide, so that the layer’s resistance is further 
decreased. The refractory metal may be tungsten (W), and its 
thickness is, for example, approximately 2000 Thereafter, 
the polycide is subjected to a patterning process to form gate 
electrodes (or Word lines) WL1 through WL4, as shoWn in 
FIG. 2A. Then, arsenic ions, for example, are implanted into 
the silicon substrate 10 at an energy of 70 KeV and a dosage 
of approximately 1><1015 atoms/cm2, for example. In this 
step, the Word lines WL1 through WL4 are used as masking 
layers. As a result, drain regions 16a and 16b and source 
regions 18a and 18b are formed in the silicon substrate 10. 

Referring next to FIG. 2B, in the subsequent step CVD is 
performed to deposit an insulating layer 20 of, for example, 
borophosphosilicate glass (BPSG), to a thickness of 
approximately 7000 A, for example. Then the same method 
is used to form an etching protection layer 22, Which can be, 
for example, a silicon nitride layer, having a thickness of 
approximately 1000 A, for example. After that, a conven 
tional photolithography and etching process is performed to 
etch selected parts of the etching protection layer 22, the 
insulating layer 20, and the gate oxide layer 14, so as to form 
storage electrode contact holes 24a, 24b Which extend from 
the top surface of the etching protection layer 22 to the top 
surface of the drain regions 16a and 16b. Next, CVD is 
performed to deposit a polysilicon layer 26 over the surface 
of the etching protection layer 22. To increase the conduc 
tivity of the polysilicon layer 26, arsenic ions, for example, 
can be implanted into the polysilicon layer 26. As shoWn in 
the draWing, the storage electrode contact holes 24a, 24b are 
?lled by the polysilicon layer 26, and the polysilicon layer 
26 further covers the surface of the etching protection layer 
22. Thereafter, a thick insulating layer 28 of, for example, 
silicon dioxide, is deposited over the surface of the poly 
silicon layer 26 to a thickness of approximately 7000 

Referring next to FIG. 2C, in the subsequent step CVD is 
performed to successively deposit an insulating layer and a 
sacri?cial polysilicon layer. Then, a conventional photoli 
thography and etching process is performed to etch aWay 
selected portions of the insulating layer and the sacri?cial 
polysilicon layer, so as to form solid cylindrical insulating 
layers 30a, 30b and sacri?cial polysilicon layers 32a, 32b as 
shoWn in the draWing. The insulating layers 30a, 30b can be, 
for example, silicon nitride layers deposited to a thickness of 
approximately 1000 The thickness of the sacri?cial 
polysilicon layers 32a, 32b can be approximately 1000 A, 
for example. The insulating layer 30a and the sacri?cial 
polysilicon layer 32a in combination form a stack layer 30a, 
32a Which is preferably located above the corresponding 
drain region 16a. Similarly, the insulating layer 30b and the 
sacri?cial polysilicon layer 32b in combination form another 
stack layer 30b, 32b, Which is preferably located above the 
corresponding drain region 16b. 

Referring next to FIG. 2D, in the subsequent step, silicon 
dioxide spacers 34a and 34b are formed on the sideWalls of 
the stack layers 20a, 32a and 30b, 32b, respectively. In this 
embodiment, the silicon dioxide spacers 34a and 34b can be 
formed by the folloWing steps: ?rst, depositing a silicon 
dioxide layer to a thickness of approximately 1000 A, for 
example, then etching back the silicon dioxide layer. After 
that, CVD is performed to deposit an insulating layer 36, for 
example, a silicon nitride layer, to a thickness of approxi 
mately 2000 A, for example. Then, a chemical-mechanical 
polishing (CMP) technique is used to polish the insulating 
layer 36 until the top surfaces of the stack layers 30a, 32a 
and 30b, 32b are exposed. 

Referring next to FIG. 2E, in the subsequent step the 
silicon dioxide spacers 34a and 34b are etched aWay using 
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6 
the stack layers 30a, 32a and 30b, 32b and the insulating 
layer 36 as masking layers. Thereafter, With the same stack 
layers 30a, 32a and 30b, 32b and the insulating layer 36 as 
masks, the insulating layer 28 is etched until the surface of 
the polysilicon layer 26 is exposed. Then, using the sacri 
?cial polysilicon layers 32a, 32b as masks, the insulating 
layer 36 is removed. Thus, openings 38a and 38b are 
formed. 

Referring next to FIG. 2F, in the subsequent step a 
polysilicon layer 40 is deposited on the surfaces of the stack 
layers 30a, 32a and 30b, 32b and the insulating layer 28 to 
a thickness of approximately 1000 A, for example, and also 
?lling the openings 38a and 38b. To increase the conduc 
tivity of the polysilicon layer 40, arsenic ions, for example, 
can be implanted into the polysilicon layer 40. Then, the 
polysilicon layer 40 and the sacri?cial polysilicon layers 
32a, 32b are polished by CMP until the top surfaces of the 
insulating layers 30a, 30b are exposed. 

Referring next to FIG. 2G, in the subsequent step, With the 
polysilicon layer 40 as a mask, Wet etching is performed so 
as to remove the insulating layers 30a, 30b and then the 
insulating layer 28 beloW. Thereafter, a conventional pho 
tolithography and etching process is performed to etch, in 
sequence, the polysilicon layer 40, the insulating layer 28, 
and the polysilicon layer 26, so as to de?ne the storage 
electrodes of the charge storage capacitors in each memory 
unit. Through the aforementioned steps, the polysilicon 
layers 40 and 26 are divided into sections 40a, 40b and 26a, 
26b. Then, a Wet etching process is again performed on the 
Wafer With the etching protection layer 22 as the etch end 
point, so as to remove the remainder of the insulating layer 
28. The fabrication of the storage electrodes of the charge 
storage capacitors in the DRAM is thus complete. As shoWn 
in FIG. 2G, each storage electrode includes a trunk-like 
polysilicon layer 26a/26b and a branch-like polysilicon layer 
40a/40b having an L-shaped cross section. The trunk-like 
polysilicon layers 26a, 26b are electrically coupled to the 
drain regions 16a and 16b the transfer transistors in the 
DRAM, respectively, and each have a T-shaped cross sec 
tion. The branch-like polysilicon layers 40a, 40b generally 
have a holloW cylindrical shape, although the horiZontal 
cross section can be circular, rectangular, or any other shape, 
depending on the shapes of the respective stack layers 30a, 
32a and 30b, 32b. 

The branch-like polysilicon layers 40a and 40b ?rst 
extend vertically upWard from the upper surfaces of the 
trunk-like polysilicon layers 26a, 26b for a certain distance, 
and then extend horiZontally in an outWard direction. Due to 
the particular shape of the storage electrode of the capacitor 
of the invention, the storage electrodes are hereinafter 
referred to as “tree-like storage electrodes”, and the capaci 
tors thus constructed are referred to as “tree-type charge 
storage capacitors”. 

Referring next to FIG. 2H, in the subsequent step dielec 
tric ?lms 42a, 42b are respectively formed over the exposed 
surfaces of storage electrode 26a, 40a and 26b, 40b. The 
dielectric ?lms 42a, 42b can be formed of, for example, 
silicon dioxide, silicon nitride, NO (silicon nitride/silicon 
dioxide), ONO (silicon dioxide/silicon nitride/silicon 
dioxide), or the like. Next, an opposing electrode 44 of 
polysilicon is formed over the surfaces of dielectric ?lms 
42a, 42b. The process for forming the opposing electrode 44 
includes a ?rst step of depositing a polysilicon layer by CVD 
to a thickness of, for example, approximately 1000 A, a 
second step of diffusing N-type impurities into the polysili 
con layer so as to increase the conductivity, and a third step 
of performing a conventional photolithography and etching 
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process to etch away selected parts of the polysilicon layer. 
The fabrication of the tree-type charge storage capacitor in 
the DRAM is then complete. 

Although not shoWn in FIG. 2H, to complete the fabri 
cation of the DRAM chip, subsequent steps include fabri 
cating bit lines, bonding pads, interconnections, 
passivations, and packaging. These steps involve only con 
ventional techniques and are not included Within the spirit 
and scope of the invention, so a detailed description Will not 
be provided herein. 
Second Preferred Embodiment 

In the foregoing ?rst embodiment, the trunk-like polysili 
con layer has a solid structure With a T-shaped cross section. 
In the folloWing embodiment, a different fabricating method 
is used to form a storage electrode With a different structure 
in Which the trunk-like polysilicon layer has a holloW 
structure, so as to increase the surface area of the storage 
electrode. 

FIGS. 3A through 3E illustrate a second embodiment of 
a semiconductor memory device having a tree-type charge 
storage capacitor according to the invention. This embodi 
ment of the semiconductor memory device can be produced 
by a second preferred method for fabricating a semiconduc 
tor memory device according to the invention. 

The tree-type storage electrode of the second embodiment 
is based on the Wafer structure of FIG. 2A, using a different 
fabricating method to produce a DRAM storage electrode 
With a different structure. Elements in FIGS. 3A through 3E 
that are identical to those in FIG. 2A are labeled With the 
same numerals. 

Referring to FIG. 3A together With FIG. 2A, CVD is 
performed to deposit an insulating layer 46, for example, 
BPSG, to a thickness of approximately 7000 A. Then, an 
etching protection layer 48 of, for example, silicon nitride is 

deposited, having a thickness of approximately 1000 Thereafter, a conventional photolithography and etching 

process is performed to etch selected portions of, in 
sequence, the etching protection layer 48, the insulating 
layer 46, and the gate oxide layer 14, so as to form storage 
electrode contact holes 50a and 50b Which extend from the 
top surface of the etching protection layer 48 to the top 
surface of the drain regions 16a and 16b. Next, a polysilicon 
layer 52 is deposited on the etching protection layer 48. 
Then, a thick insulating layer 54, for example, a silicon 
dioxide layer, is deposited on the surface of the polysilicon 
layer 52 to a thickness of approximately 7000 A. CVD is 
again performed to deposit an insulating layer and a sacri 
?cial polysilicon layer successively on top of the insulating 
layer 54, and then a conventional photolithography and 
etching process is performed to de?ne the insulating layer 
and the sacri?cial polysilicon layer, so as to form the 
insulating layer 56 and the sacri?cial polysilicon layer 58 as 
shoWn in the draWing. The insulating layer 56 can be, for 
example, a silicon nitride layer deposited to a thickness of 
approximately 1000 A, for example. The insulating layer 56 
and the sacri?cial polysilicon layer 58 in combination form 
a stack layer 56, 58, Which is preferably located above and 
in a position in betWeen tWo adjacent charge storage capaci 
tors. 

Referring next to FIG. 3B, in the subsequent step silicon 
dioxide spacers 60a and 60b are formed on the respective 
sideWalls of the stack layer 56, 58. In this embodiment, the 
silicon dioxide spacers 60a and 60b can be formed by the 
folloWing steps: ?rst, depositing a silicon dioxide layer to a 
thickness of approximately 1000 A, then etching back the 
silicon dioxide layer. Thereafter, CVD is performed to 
deposit an insulating layer 62, for example, a silicon nitride 
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layer to a thickness of approximately 2000 Then, CMP is 
performed, to polish the insulating layer 62 until at least the 
upper surface of the stack layer 56, 58 is exposed. 

Referring next to FIG. 3C, in the subsequent step, using 
the stack layers 56, 58 and insulating layer 62 as etching 
masks, the silicon dioxide spacers 60a and 60b are etched 
aWay. After that, again With the stack layers 56, 58 and the 
insulating layer 62 as the etching masks, the insulating layer 
54 is etched until the surface of the polysilicon layer 52 is 
reached. Then, using the sacri?cial polysilicon layer 58 as an 
etching mask, the insulating layer 62 is etched aWay. Thus, 
openings 61 and 64b are formed. 

Referring next to FIG. 3D, a layer of polysilicon 663 for 
example, having a thickness of approximately 1000 A, is 
deposited on the surfaces of the stack layers 56, 58 and the 
insulating layer 54, and also ?lling openings 64a and 64b. 
Then, CMP is performed to polish the polysilicon layer and 
the sacri?cial polysilicon layers 58 until at least the upper 
surface of the insulating layer 56 is exposed, so as to form 
polysilicon layers 66a and 66b. To increase the conductivity 
of the polysilicon layers, arsenic ions, for example, can be 
implanted into the polysilicon layers. 

Referring next to FIG. SE, in the subsequent step, using 
the polysilicon layers 66a and 66b as masks, a Wet etching 
process is performed to remove successively the insulating 
layer 56 and the insulating layer 54 beloW. Thereafter, a 
conventional photolithography and etching process is per 
formed to etch the polysilicon layers 66a, 66b and the 
polysilicon layer 52, so as to de?ne the storage electrodes of 
the charge storage capacitors in each memory unit. The 
polysilicon layers 66a, 66b are etched above respective 
drain regions 16a, 16b. The polysilicon layer 52 is etched 
betWeen the drain regions 16a, 16b. Through the aforemen 
tioned steps, the polysilicon layers 66a, 66b and 52 are 
divided into sections 66a, 66b and 52a, 52b. Then, a Wet 
etching process is again performed on the Wafer using the 
etching protection layer 48 as the etch end point, so as to 
remove the remainder of the insulating layer 54. The fabri 
cation of the storage electrodes of the charge storage capaci 
tors in the DRAM is thus complete. As shoWn in FIG. 3E, 
the storage electrode includes a trunk-like polysilicon layer 
52a/52b and a branch-like polysilicon layer 66a/66b having 
an L-shaped cross section. The trunk-like polysilicon layers 
52a, 52b are electrically coupled to the drain regions 16a 
and 16b of the transfer transistors in the DRAM, 
respectively, and have a U-shaped cross section. The branch 
like polysilicon layers 66a, 66b generally have a holloW 
cylindrical shape, although the horiZontal cross section can 
be circular, rectangular, or any other shape. The branch-like 
polysilicon layers 66a, 66b ?rst extend vertically up a 
certain distance from the upper peripheral surface of the 
trunk-like polysilicon layers 52a, 52b, and then extend 
horiZontally in an inWard direction. Subsequent processing 
steps do not differ from conventional processes, and there 
fore are not described herein. 
Third Preferred Embodiment 
The foregoing ?rst and second embodiments have branch 

like electrode layers With L-shaped cross sections. In cross 
section, the branch-like electrode layers form tWo such 
branches. HoWever, the invention is not limited to such a 
con?guration. The number of L-shaped branches shoWn in a 
cross section of the branch-like electrode layer can be just 
one. In the folloWing embodiment, a storage electrode 
having a branch-like electrode having a single L-shaped 
cross section branch is described. 

FIG. 4 shoWs a third embodiment of a semiconductor 
memory device having a tree-type charge storage capacitor 














